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[57] ABSTRACT 
Register control apparatus for a rotogravure color 
printing press positions an adjustably movable web (or 
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cylinder) compensator mechanism to, in effect, adjust 
the web'length between printing roller nips in succes 
sive printing decks to correct for printing registration 
errors. The register control apparatus employs the prin 
ciple that there is a predetermined position of the com 
pensator mechanism for any given length of web 
wherein register error is eliminated. The register con 
trol apparatus, which is initially provided or pro“ 
grammed with electronic signal information representa 
tive of web length and compensator mechanism posi 
tion (null position) wherein no registration error occurs, 
also includes electrical devices and circuitry for sensing 
and electronically processing incoming signal informa 
tion relative to web speed; direction, magnitude and 
rate of registration error; and change of position of the 
compensator mechanism. The register control appara 
tus performs computing operations on the programmed 
signal information and incoming signal information and 
provides an output signal which locates the compensa 
tor mechanism in a position wherein register error is 
eliminated. The computing operation includes: ascer 
taining the proportion between the register error and 
compensator mechanism position; ascertaining the de 
rivative (i.e., relationship) between the rate of change of 
register error and the rate of change of compensator 
mechanism position; and integrating to establish the 
average magnitude of register error and relating it to 
the average (optimum) position requirement of the com 
pensator mechanism. 

14 Claims, 25 Drawing Figures 
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APPARATUS AND METHOD FOR REGISTER ‘ 

’ CONTROLIN WEB PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION ' 

1. Field of Use . 
This invention relates generally to. apparatus an 

methods for register control in web processing appara 
tus, such as ,multi-deck rotogravure color printing 
presses, or the like, which employ adjustably position 
able web or cylinder compensator mechanisms for 
varying web length between printing decks to eliminate 
register errors. , - 

2. Description of the Prior Art 
Some prior art register control systems sense, and 

measure only the magnitude and direction of register 
errors and adjust the compensator mechanism position 
accordingly to v effect a change in web length‘ and 
thereby eliminate register error. In such prior art sys 
terns, compensation is relatively slow and allows con 

5 

siderable register error to accumulate while a correc- . 
tion is being made. Attempts to increase compensator 
rate of change in ‘such systems result in instability, oscil 
lation and poor registration. In effect, such prior ‘art 

the compensator until an optimum position of the corn 
pensator is found wherein register error is eliminated, 
but due to the cyclic nature of the process‘, this optimum 
position is‘ rarely achieved One type of prior art regis 
tercontrol system employs a strain gauge for measuring 
web tension between successive roller nips and operates 
to locate the compensator in a position wherein a'de 
sired web tension, considered to be indicative of no 
register error, is maintained. However, there are many 
variables which affect web characteristics and web 
tension, such as moisture and humidity, and therefore 
the last-mentioned prior art systems allow register er 
rors to occur, even though'a predetermined web tension 
is being maintained, because web conditions are actu 
ally changing. ' ‘ 

SUMMARY OF THE PRESENT INVENTION 1 
Applicants have discovered in connection with‘ regis 

35 

terlcontrol apparatus for web processing apparatus, _ 
such as printing presses, that there is an important and 
usable relationship between the length of web between 
the printing roller nips in successive printing decks, the 
magnitude (length) of a register error, and the position 
of the compensator mechanism which acts ‘upon the 
web between decks to adjust web length therebetween. 
To put it another way, for every web length ‘between 

, [successive pairs of roller nips, there is an‘ optimum posi 
tion for the compensator mechanism wherein a desired 
web length is established and register error is eliminated 
and this optimum compensator mechanism position can 
be ascertained and established by means‘ of register 
control apparatus and method in accordance with the 
present invention. For example, if the length‘ of web 
between printing roller nips to provide correct registra 
tion is known to be 30 feet (i.e. 15 repeats of 24" repeat 
length each), and if the register error is ascertained to be 
0.006 inch per foot of web, then the length of the web 
path must be changed 0.18 inch to eliminate the register 
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2 
register error. Thus, instead of moving the compensator 
mechanism randomly in a trial and error process until 
the register error is eliminated, as in prior art register 
control apparatus and methods, it is possible, in accor 
dance with the present invention, to employ apparatus 
and ~method for register control which employs the 
above principles in conjunction with relevant signal 
information (both preprogrammed and incoming) to 
move the compensator mechanism directly to a de?nite 
predetermined (calculated) new position wherein the 
register error is eliminated. 

Furthermore, for a register error of given magnitude 
the compensator mechanism can be moved to the new 
position within a predetermined time interval to correct 
the ‘register-error within a minimum web length. 

Also, because of the changes in the modulus of elas 
ticity in a web, long term (as well as short term) register 
error can occur. In the case of ‘ nominal boxboard mate 
rial, for example, theactual printed repeat length can 
vary by as much as 0.007‘ inch throughout a roll. Since 
the nominal position of the compensator mechanism is 
directly related to repeat length, then as the repeat 
length‘ changes’, so must the position of the compensator 

, , ,. _ » mechanism chan e. Therefore-additional si nal infor 
systems involve random (trial and error) positioning of 25 g g mation to the compensator mechanism is required than 

was furnished in prior art system. Compensation rate is 
also'directly proportional'to web speed. Accordingly, 
the following signal information is sensed, evaluated 
and computed in‘v accordance with the system and 
method of the present invention: web speed; magnitude, 
direction, and rate of change of register error; compen 
‘sat‘or position and rate of change of compensator posi 
tion. 

In accordance with the invention-there is provided 
web processing apparatus such as a rotogravure color 
printing press which includes means for adjusting web 
length between pairs of printing roller nips in successive 
printing decks to correct for registration errors. The 

' said means, "in one embodiment includes an adjustably 
positionable compensator mechanism and in another 
“embodiment includes an angularly adjustable cylinder. 
The register, control system includes means for sensing, 
measuring, and providing signal information relative to 
web speed; the directiommagnitude and rate of register 
error; and the position’ and rate of change of position of 
the'compensator. The register control system, which 
relies on the principle that there is a predetermined 
compensator position for a given web length wherein 
register error is eliminated, also includes means for 
“performing computing operations on the aforesaid sig 
nal'information to provide a control signal for adjusting 
compensator position. Such computing operations in 
cludei ’ ' ‘ 

ascertaining the proportion between the error signal 
"and compensator position; ascertaining the derivative 
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error. If the position of the compensator mechanism is ‘ 
~ already known, then a calculation can be made as to 
how far the compensator mechanism must be moved in 
the appropriate direction‘ to a new position necessary to 
effect the decimal change in web length to eliminate 

65 

(i.e., relationship) between the rate of change of register 
error and the rated change of compensator position; 
“and integrating to establish the average magnitude of 
the register error and relating it to the average (opti 
mum) position requirement of the compensator. 
The method for achieving register controlbroadly 

involves the steps of placing the compensator in a nomi 
nal (initial) position relative to the pairs of printing 
roller nips wherein no register error occurs and identi 

‘- fying that ?rst position (by setting the computer to a 
zero or null condition), measuring the web length be 
tweenv the pair of printing roller nips with no register 
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error present (i.e., providing a web length factor-—a 
gain constant signal supplied to computer), measuring 
the magnitude of a register error when such occurs, 
calculating on the basis of measured web length factor, 
the nominal or initial or null position of the compensa 
tor, and register error magnitude a new position for the 
compensator needed to change web length an amount 
sufficient to eliminate register error, and moving the 
compensator to the new position. - 
A register control system in accordance with the 

invention results in the elimination of long term and 
short term register errors and provides improved print 
ing press performance by properly positioning the com 
pensator mechanism at the proper rate to achieve cor 
rect registration with a minimum time and with mini 
mum web waste. ‘ I 

A register control system in accordance with the 
invention can be embodied in web processing apparatus, 
such as printing presses, during manufacture or in the 
?eld and is economical to manufacture, and reliable in 
use. 

A register control in accordance with the invention 
effects register error correction regardless of the fact 
that the web is still being subjected to variables which 
affect web characteristics, such as moisture, humidity, 
or other machine induced variables. 
A register control system in accordance with the 

invention distinguishes between long-term and short 
term errors and in the case of the former shifts the com 
pensator mechanism from one nominal position to a 
new nominal position. , 

Other objects and advantages of the invention will 
hereinafter appear. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic end view of two successive 
printing decks of a printing press with a web compensa 
tor mechanism therebetween; . 
FIG. 2 is a perspective view of the web compensator 

mechanism of FIG. 1; . 
FIG. 3 is a schematic side view of a web, roller cou 

ples and a web compensator; 
FIG. 4 is a schematic top plan view of the compo 

nents shown in FIGS. 3 and 4; 
FIG. 5 is a schematic side view, similar to FIG. 3, of 

a web, roller couples, and a cylinder compensating 
mechanism; _ 

FIG. 6 is a schematic diagram of a register control 
system in accordance with the invention; 
FIGS. 6A, 6B, 6C and_6D are enlarged and more 

fully annotated depictions of portions of the schematic 
diagram of FIG. 6; 
FIGS. 7, 8, 9, 10 and 11 are more detailed electrical 

circuit diagrams of portion of the circuits shown in 
FIGS. 6, 6A, 6B, 6C and 6D and correspondingly la 
belled; - 

FIGS. 12, 13 and 14 show register charts recorded 
during operation of presses having various types of 
register control systems; 
FIG. 15 is a graph which depicts the cyclical nature 

of register error; 
FIG. 16 is a graph which depicts register error cor 

rection in accordance with a prior art system; 
FIG. 17 is a graph which depicts register error cor~ 

rections by a system in accordance with the invention; 
FIG. 18 is a graph depicting a register error wave 

form and identifying particular locations therein which 
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are analyzed by a register control in accordance with 
the invention; 
FIG. 19 is a graph depicting the relationships be 

tween web length, register error magnitude and com 
pensator position; 

FIG. 20 is a schematic diagram depicting in elemen 
tary fashion the function performed by a register con 
trol in accordance with the invention; and 
FIG. 21 is a schematic diagram depicting a simpli?ed 

electrical circuit for implementing a mathematical algo 
rithm of a register control system in accordance with 
the invention. 

DESCRIPTION A PREFERRED 
EMBODIMENT 

FIG. 1 schematically shows a portion of a web pro- ~ 
cessing apparatus, such as rotogravure color printing 
press 10, with which a register control system in accor 
dance with the invention is advantageously employed. 
Press 10 comprises successive spaced apart printing 
decks 11 and 12 through which a continuous web 13, 
such as paper, paperboard, or foil, passes in the direc 
tion of arrow 14. A web compensating mechanism 15 is 
located between decks 11 and 12 and includes an adjust 
ably movable compensator 17, in the form of a roll, 
which engages the changes web length and a servo 
drive motor 18 which moves compensator roller 17 to 
effect web compensation, i.e. a short-term application of 
longitudinal strain on the web 13 for the purpose of 
accurate registration. Instead of the web compensating 
mechanism 15, however, a cylinder compensating 
mechanism of the type schematically shown in FIG. 5; 
may be employed. Each deck comprises a'framework 
19 and a rotatably driven etched printing or gravure 
cylinder 21 and an impression roll 20 which holds the 
web 13 against the gravure cylinder. Each deck also 
comprises other rollers (unnumbered) which guide the 
web 13 therethrough. The cylinder 21 and roll 20 de?ne 
a nip, i.e., a line along which the web 13 is gripped, and 
the nips in decks l1 and 12 are designated respectively, 
as the preceding nip 23 and the succeeding hip 24. The 
term “web. length” as used herein refers to the length of 
the web between the nips 23 and 24 and this length 
varies with the position of the web compensator 17 and 
the repeat length. Repeat length is one impression or 
copy and corresponds to the circumference of the gra 
vure cylinder 21. 
As FIG. 2 shows, web compensating mechanism 15 

’ speci?cally comprises, in addition to compensator roller 
50 

55 

60 
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17 and motor 18, a gear reducer 30‘which is driven by 
motor 18 and connected by means of a belt drive 31 and 
a right-angle worm gear drive set 32 to compensator 17. 
Set 32 ‘comprises a drive shaft 33 having gears 34 
thereon which engage gears 35 on lead screws 36 which 
are connected to effect movement of compensator 17 in 
advance (arrow 38) and retard (arrow 39) directions. 
As FIGS. 3, 4 and 5 show, the web compensation or 

cylinder compensation principle'relates' directly to the 
elastic characteristics of the web 13. It is this property 
that allows one to position a mark previously printed 41 
(41A or 41B) on the web 13 with respect to a mark 40 
that is being printed. Since there is no web slippage at 
the gravure nips 23 and 24 in web compensation, the 
web compensator 17 is employed to strain the web 13. 
As FIG. 5 shows, however, in cylinder compensation, 
the cylinders 20A and 21A are angularly shifted relative 
to the web to impose a strain on the web. It is this mo~ 
mentary change in the longitudinal dimension (web 
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length) or strain of the web 13 that accomplishes regis 
tration. 
By de?nition, as a positive strain is applied to the web 

13 by the compensator 17, the previously printed mark 
41A is retarded with respect to the mark being printed 
40. Conversely, as a negative strain is applied, the previ 
ously printed reference mark 413 is advanced with 
respect to the mark being printed 40. Reference mark 
41A is retarded with respect to the mark 40. As the web 
entering the nip is relaxed, the reference mark advances 
toward position 41B. The position of the mark 40 does 
not change, only the position of the reference mark 
(41A or 41B) changes. The designations “advance.” or 
“retard” refer to the operation of the controls to effect 
the indicated web movement. - 
During compensation, the web tension between the 

gravure nips 23 and 24 changes momentarily. Since the 
compensator velocity is always proportional to the web 
speed, the web tension or stress change is limited to 
about 10 percent of the established level. These web 

15 
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tension changes are an indirect result of compensator _ 
mechanism position change. Therefore a definite com 
pensator mechanism position is established for any 
given register error independent of web characteristics. 
The application of an electronic register control for 

servo-motor 18, as hereinafter explained, enables one to 
accurately obtain a speci?c position for the compensa 
tor roll 17 to establish its proper short-term web strain 
position and long-term position. > 
By applying the basic principles of stress/strain rela 

tionships in accordance with the invention and the tech 
nique of positional servo-control, web compensated 
print-to-print registration can be accomplished. 
FIG. 6 is a schematic diagram of a register control 

system for rotogravure color printing press 10 which 
includes the adjustably positionable compensator mech 
anism 15 for adjusting web length between the succes 
sive printing nips 23 and 24 to correct for registration 
errors. The register control apparatus employs the prin 
ciple that there is a predetermined position of the com 
pensator mechanism for any given length of web 
wherein register error is eliminated. The register con 
trol apparatus, which is initially provided or pro 
grammed with electronic signal information representa 
tive of web length and compensator; mechanism posi 
tion (null position) wherein no registration error occurs, 
also includes electrical devices and circuitry for sensing 
and electronically processing incoming signal informa 
tion relative to web speed; direction, magnitude and 
rate of registration error; and change of position of the 
compensator mechanism 15. The register control appa 
ratus performs computing operations on the pro 
grammed signal information and incoming signal infor 
mation and provides an output signal which locates the 
compensator mechanism in a position wherein register 
error is eliminated. The computing operation includes: 
ascertaining the proportion between the register error 
and compensator mechanism position; ascertaining the 
derivative (i.e., relationship) between the rate of change 
of register error and the rate of change of compensator 
mechanism position; and integrating to establish the 
average magnitude of register error and relating it to 
the average (optimum) position requirement of the com 
pensator mechanism. 
More speci?cally, FIGS. 6 and 6C show that the 

register control system comprises two web scanners 51 
and 52. Scanner 51 senses the previously printed color 
location mark 41A or 413 which is indicative of a pre 
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6 
ceding color placement on the web 13 and provides 
location signals to a mark location comparator 53. Mark 
location comparator 53 compares a mark location from 
scanner 51' to the signal from scanner 52 which senses 
the mark 40 being printed. That difference signal is. 
compared to a programmed location for the two marks. 
As FIGS. 6 and 6C show, the system also comprises a 
cylinder angular velocity/position transducer 54 which 
provides a basis for retaining the programmed mark 
location requirement. This programmed mark location 
requirement is a memorized count value that is the 
pre-programmed required relationship between the two 
marks that are scanned by scanners 51 and 52. As FIGS. 
6 and 6B show, a mark location scalar and vector com 
puter 55 is provided to scale the mark change in loca 
tion into a unit of linear measurement in magnitude and 
direction. Computer 55 provides a series of binary 
pulses that are counted in one direction or another to 
determine the direction of the register error and magni 
tude of register error. This pulse count is stored on a 
continuing basis. More speci?cally, the relationship 
between the two marks is counted in pulses and stored 
and compared to a previously established compensator 
position requirement. The di?'erence between previous 
position requirements and the current output from the 
error computer 55, indicative of a register error, is a 
signal comprised of a magnitude component and a di 
rection component. As FIGS. 6 and 6D show, a com 
pensator position computer 56 is provided to translate 
the change in mark location into a compensator position 
change requirement, as a function of compensating web 
length. The error count (a binary count) represents 
magnitude and direction of register error and is con 
verted to a binary coded decimal (BCD) indication or 
display signal for the operator. The binary signal value 
is translated to a hexadecimal value and is used to com 
pute the required compensator position change. As, used 
herein the term hexadecimal means a series of counts 1 
to l6.tl1at the computer program uses because it is more 
convenient and accurate to manipulate numbers with 
that number base. As FIGS. 6 and 6D show, a compen 
sator position regulator 57 is provided to command and 
control a compensator position change which will re 
turn the mark to its location requirement. More speci? 
cally a digital signal provides digital counts which are 
used to position the compensator regulator and these 
counts are matched by the counts that are received from 
the velocity/position transducer 58 for the purpose of 
determining what the actual movement of the compen 
sator is relative to the command. As FIGS. 6, 6A and 
6D show, a compensator velocity/position transducer 
58 is provided to provide scalar and vector information 
of compensator velocity and position. Transducer 58A 
provides digital pulse signals which indicate the posi 
tion change of the compensator 15 from its initial nomi 
nal position. As a practical matter, in operation, the 
range of corrective movement of the compensator 15 in 
inches would be typically on the order of 30,000 of an 
inch, although the total possible movement of the com 
puter can be up to about 40 inches for set-up of press to 
establish web length. A compensator velocity 
regulator 59 is provided to command a velocity of com 
pensator speed which is proportional to web speed and 
to position error. The compensator velocity regulator 
59 receives input signals and provides an output signal 
at 59d. Signal 59a is signal proportional to web speed. 
Signal F is a digital to analog converted signal of plus 
and minus value, such as zero to ?ve volts, and repre 
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sents the velocity command from the position regulator 
57. Signal g represents an analog signal which is propor 
tional to the velocity of movement of the compensator 
15. The output signal 59d is an analog signal that com 
mands the motor control power unit 61 to provide 
power to the DC motor 18 which moves the compensa 
tor 15. The combination of signals c and F comprise one 
signal F which is compared to the signal g. The combi 
nation of two signals provides the velocity regulator 59 
with analog information of the velocity error between 
its command F and its feedback signal g. A web speed 
transducer (i.e., a tachometer) 60, responsive to web 
speed at roller 64, provides a signal to maintain the 
compensator velocity proportional to web speed. The 
position regulator velocity command signal F is a func 
tion of register error and web speed. The web speed 
signal is provided by the web speed transducer 60 and 
takes the form of digital pulse information that is fre 
quency related to and representative of the speed of the 
web. A motor control ampli?er 61 is provided to am 
plify the low level control signal from velocity regula 
tor 59 to motor 18. Motor 18 converts ampli?ed signals 
into mechanical motion of compensator 17. The web 
compensator mechanism 15 thus imparts longitudinal 
strain to the web 13 in a tensive direction of varying 
magnitudes, the result of which is to relocate the pre 
ceding previously printed color location mark 41. The 
effect of imparting longitudinal strain on web 13 is a 
result of compensator movement and has the effect of 
stretching the web 13 between the pair of roller nips 23 
and 24. As the web is stretched, the effect is to retard 
the position of the previously printed mark 41A with 
respect to the mark 40 being printed. The purpose of 
imposing strain is to effect an immediate change in the 
registration from the preceding mark 41A to the mark 
40 being printed. After a period of time, when all web 
between the pair of spaced apart nips 23 and 24 is re 
placed by a new web, the resulting displacement in the 
color (mark) placement is permanent, even after strain 
or stretch imparted to the web goes away. In an alterna 
tive embodiment shown in FIG. 5, when using an ad 
justable roller to achieve web compensation, the effect 
of the angular shifting of the rollers 20A and 21A is to 
stretch the web but there is no web slippage relative to 
the rollers. 
The method of registration error calculation involves 

comparing a calibrated number of encoder pulses to 
successive pulse inputs. The reference-to-mark calibra 
tion method uses the zero reference signal to start the 
pulse count and the sensed color mark to stop the count. 
Any deviation from the calibrated count is register 
error. This “BCD” error magnitude must be converted, 
by the control, to inches of error based on the repeat 
length calculation. 
The scaled signal must be further compared and con 

ditioned. The error in pulse counts has “high”. and 
“low” frequency components associated with it. The 
high frequency variations (0.5-8.33 HZ) are to be ?l 
tered out based on their amplitude and frequency. 
When a signi?cant difference in error occurs there is to 
be no velocity commandissued. If the error returns to a 
value below the “impulse limit” with the next impres 
sion the auto compensation will resume. If, however, 
the error remains above the limit after four impressions, 
auto operation must then resume (as the error may no 
longer be considered transient). 
FIGS. 12, 13 and 14 depict actual color register 

charts recorded during three production runs and under 
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8 
identical conditions. These charts show the register of 
two colors during production at a web speed of 400 feet 
per minute. The heavy horizontal line A indicates zero 
register. Each small division indicates one thousandths 
of an inch. Each “blip” or dot indicates the register 
reading of one imprinting. There are 320 imprintings 
recorded between each heavy vertical line B. FIG. 12 
shows register variation without register control. FIG. 
13 shows register variation with slow response, as in 
existing prior art systems. FIG. 14 shows register varia 
tion with a register control system in accordance with 
the present invention. 
FIGS. 15, 16 and 17 are graphs which depict the 

. cyclic nature of register error in a rotogravure press on 
a short term basis. The curve in FIG. 15 is a typical 
cyclic register depiction and relates the random varia 
tion in printed repeat length relative to time. The two 
curves in FIGS. 16 and 17 represent compensator 
movement related to time for register errors of the type 
shown occurring in the curve of FIG. 15. 
As FIG. 16 shows, typical prior unidirectional con 

trol compensator motors can move only in one direc 
tion relative to horizontal reference line H for a given 
polarity of register error. The result is that as the regis 
ter polarity crosses over, the compensator is in the 
wrong position at zero register. It is this factor that 
requires that unidirectional control systems operate 
with very slow response. 
As FIG. 17 shows, the velocity/position register 

error control system in accordance with- the invention 
has the capability to move the compensator roller 17 in 
either direction (above or below reference line H) for 
any given polarity of register error. This is accom 
plished as a result of sensing the register error trend as 
shown in the curve in FIG. 15, as well as providing for 
the compensator position. Thus, a system sensing the 
register trend, actual register error, and computing 
positional change requirements is constantly capable of 
returning to the nominal position irrespective of register 
polarity. This .capability permits high compensation 
rates, for example, ?ve inches of web compensation per 
minute, which is a factor of at least ten times greater 
than some existing controls. 
As FIG. 6 shows, the control system includes means 

for providing proportional, integral, and derivative 
command signals to the compensator 15, as a function of 
the wave form of the BCD register error input signal. 
The mathematical representation of this position com 
mand is explained below. The graph in FIG. 18 shows 
a wave from W representing a register error and the 
derivative, integral and proportional terms (labelled in 
FIG. 18) referred to herein are discussed relative to that 
wave from W. 
The equation that represents the position command 

is: (EQ-l) position command, 

de 1 

dx + A; fair 

Where: , 

P=Position command in inches 
e=Register error in inches 
x=Repeat length in inches 
t=Time in seconds 
A0 e1 (inches)=proportional command 
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inch = derivative command 

= Integral command 

The repeat length refers to the circumference of the 
gravure cylinder 21. It is a “variable that must be com 
puted each time a‘ new set of gravure cylinders 21 is 
placed in the press. The method employed is to ?rst 
measure the linear speed of the web 13 and then divide 
by the impression rate. (EQ-Z) Repeat length=x=Web 
speed (IN/SEC)/Impression Speed (RE/SEC)" 

Therefore: , ‘ - 

V web in/sec 
W cyl. Rev/sec 

x = Repeat length (inches) 

x: 

The web speed measuring tachometer 64 is located on 
the web 13 for this purpose. In regard to equation 

15 

(EQ-l), the proportional gain (A0), derivative gain (A1), ‘ 
and integral gain (A2), values are required to be fully 
independent and adjustable. 
As an aid in understanding the present invention, the 

register control may be considered as performing a 
transfer function‘ according to the block diagrams 
shown in FIGS. 20 and 21 and in accordance with the 
analysis of FIG. 18. The transfer function is comprised 
of three terms (see FIG. 21) which, when summed, 
become the position command. 

Where: ‘ 

e1 (inches)=existing register error 
e0 =previous register error 
x=repeat length (inches) 

.- A0 e1 (inches)_=proportional command 

A] (c1 — e0) inch . . 
—-—-,-‘-—— = derivative command 

.4; [20 + e] . . + e" (in.) ' 
___-_-1-V-—-- = Integral command 

Therefore the general equation for the position com 
mand is: 

(EQ-3) 

The gain constants A0, A1 and A; have been introduced 
here by realizing that the ultimate system response is a 
function of the length of web that the web compensator 
must control. This web length factor is the nip-to-nip 
web length less the web resistence of the idler rolls it 
contacts. By analysis it has been found that the deriva 
tive gain (A1) is large in magnitude compared to the 
other two (A0 and A2). ' 
The practical maximum gain for A1 is the web length 

in inches from nip-to‘nip and this must be expressed in 
the same unit distance by which the derivative term is 
computed. For example, A] =Nip-to-Nip web 
length = 384 inches is typical. 
The maximum gain for A0 and A; would be the theo-' 

retical value of 1 (one). In practice, these gains are 
varied for system stability and usually are less than unity 
gain. 
A1 presents itself as the most signi?cant factor for 

determining the ultimate performance of the register 

Web Strain (inch) = 

A061 (inches) + A ( X J. 
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10 
control system. This is true because register errors are 
‘always changing in a sinusoidal pattern, as FIG. 18 
shows. 
The control system performs the transfer function 

i and positional control on each repeat length. The repeat 
length and the web speed de?ne the time period of 
position control,'because the error is sampled once per 
repeat. Each time the web compensator 17 moves, the 
registration error wave form changes (i.e., as regards 
slope and magnitude). It would be impractical to at 
tempt to predict the required compensator position 
between the sample periods for each repeat length. As a 
result the nature of this servocontrol is incremental, in 
that it can only compute a position command once per 
repeat length. It is impractical to attempt programming 
it to anticipate error trends between repeats. Therefore, 
in practice, the operation of this control system is lim 
ited by the fact that the register error is sampled once 
per repeat length; that is, the control must ‘assume that, 
having computed aposition command, error causing 
conditions do not changesigni?cantly from one repeat 
length to the next. This is a valid assumption based on 
actual ?eld testing. The largest error recorded in ?eld 

‘ testing was 0.001 of an inch per foot of web. Therefore, 
the present control would allow the worst case error of 
0.003 inch in a longest typical repeat length of 36 inches. 
The nominal register error was recorded during ?eld 
testing was 0.0002 inch/foot. 

In graphical form the result of a properly imple 
mented transfer function will take'the form of that illus 
trated in FIG. 19, A large step error is shown to illus 
trate compensation under magni?ed conditions. In the 
graphshown in FIG. 19 wherein feet of web is plotted 
against register error in inches, the curve A depicts the 
register error per unit feet of web passing through the 
printing roller as was described before. Curve B depicts 
the position change in inches of the compensator rela 
tive to the sheet of web passing through the printing 
roller. The graph in FIG. 19 depicts the proper function 
of a compensator such as 15 which will reduce the 
initial register error to zero in as short a time as possible. 
‘By taking into account one more variable, which is 

the wrap angle of th‘e‘web 13 on the compensator roll 
17, as being a constant of 180°, the actual transfer equa 
tion can be expressed as: 

Position command (inch) = (50-5) 

By substitution from equation (EQ-3) we obtain: 

Web strain Qinch) (EQ-SA) 
2 (for 180° wrap angle) Position command (inch) = 

A functional representation of the algorithm as imple 
mented by an electronic circuit is shown in FIG. 21 and 
should be considered in conjunction with equation 
(EQ-S and EQ-SA). > 

OPERATION 
' Referring to FIG. 6, the initial conditions for opera 

tion assume that the control system is set in the manual 
mode and the register error measurement control is set 
in the memory set mode. T he memory set mode estab 










